Aquilaria crassna, a tree species on CITES Appendix II and categorized as Critically Endangered on the IUCN Red List, is the main source of the highly valuable, fragrant and resinous agarwood that is extracted in forests in Southeast Asia, exported to East Asian and Arab countries, and used for a range of medicinal, aromatic and religious products. Based on interviews with local, non-local and foreign harvesters in Laos we examined the relationships between harvesters' daily net revenue from agarwood extraction, their degree of commercialization (i.e. their differential access to markets) and their ability to target harvesting towards the small fraction of trees that do contain commercial qualities and quantities of agarwood. For comparison we included data on number of trees felled during the most recent harvesting trip. The analysis showed that poor targeting ability and low degree of commercialization were associated with low daily net revenues, whereas good targeting ability and high degree of commercialization were associated with high daily net revenues. In the case of A. crassna in Laos it therefore appears that the activities of highly commercialized harvesters are less harmful to A. crassna populations than those of less specialized, local harvesters.
Introduction
C ommercialization of non-timber forest products (NTFPs) is much celebrated, and researchers assiduously encourage coupling of concerns over rural livelihoods with concerns over conservation of biodiversity (Salafsky & Wollenberg, 2000; Arnold & Ruiz-Perez, 2001; Shackleton, 2001) . Improved market access and increased value in trade, it is argued, will increase returns and employment opportunities, especially for poor and disadvantaged people. It may also create opportunities for conservation of ecosystems and individually valuable species. The idea is that demand for products from a forest environment will translate effectively into demand for forest (Belcher & Schreckenberg, 2007) . By simultaneously increasing cash income to rural communities and increasing value of forest and tree resources, commercialization is arguably a means to both forest conservation and livelihood improvement.
The literature is not devoid of case studies corroborating this optimism but examples of poorly profitable activities (Byron & Arnold, 1999; Wunder, 1999; Neumann & Hirsch, 2000) and destructive harvesting practices (Anderson & Putz, 2002; Coomes, 2004; Ticktin, 2004) are of some concern. By analysing a number of cases with respect to ecological and socio-economic conditions and cultural factors, criteria have been identified for successful NTFP commercialization (Ruiz-Perez & Byron, 1999; Marshall et al., 2003; Belcher et al., 2005; Kusters et al., 2006) . However, Newton (2008) has cautioned that tree species are subjected to a variety of threats that often act in combination, e.g. conversion of forest to agriculture land, urban expansion, habitat fragmentation and use of fire.
With much evidence of poorer sections of the populations in developing countries being principally engaged in NTFP extraction (Neumann & Hirsch, 2000) , and a multitude of functions in rural livelihoods being fulfilled by NTFPs (Neumann & Hirsch, 2000; Marshall et al., 2006) , detrimental changes may occur in the wake of commercialization. Furthermore, there are numerous examples in which traditional producers and users of particular NTFPs are disadvantaged by commercialization (Belcher & Schreckenberg, 2007) . Also, higher resource scarcity and increased value of forest products may trigger differentiation processes and increase economic inequality (Angelsen & Wunder, 2003) . Hence, commercialization may not be a means to overcome poverty and income disparities but may rather exacerbate them, and may also put undue pressure on the resource.
It seems evident that differences occur with regard to NTFP harvesters' abilities to generate returns. In part this may be explained by differential access to markets, and in part by differences in ability to focus harvesting and extract products of high quality at low costs. In the case study reported here we examined whether the degree of commercialization of an NTFP can reduce ecological impact. We did this by analysing whether some harvesters have a better ability to target their harvesting so that it becomes less destructive and yields greater returns, and if this targeting ability is related to how commercial the harvesters are.
To answer these questions we make use of data collected in a country-wide harvest and trade survey conducted from February 2003 to March 2005 in Lao PDR (henceforth Laos) on agarwood, probably the most valuable NTFP (Yamada, 1995; Paoli et al., 2001; Wollenberg, 2001) . Laos has one of Asia's poorest and most underdeveloped economies (World Bank, 2006) and is a prominent NTFP producer with great hopes for poverty alleviation through commercialization (Manivong, 2001; MAF, 2004; Foppes & Ketphanh, 2005; Gansberghe, 2005) .
Agarwood
Aquilaria crassna Pierre ex H. Lec. (Family Thymelaeaceae) is an upper understorey tree occurring in primary evergreen and semi-evergreen forests at altitudes from 600-1,400 m. Agarwood or gaharu is a dark-coloured, fragrant resin that accumulates in roots, trunk and branches of the tree as nodules of varying age, shape, size and commercial quality. Agarwood is formed by the tree in response to injury if the primary mechanism, formation of phloem callus tissue, is inhibited (Nobuchi & Siripatanadilok, 1991; Blanchette, 2003) . The resinous agarwood acts as a chemical barrier to attacks by fungi and insects but under natural conditions it is not formed by all trees (Paoli et al., 2001) .
Harvest and trade of agarwood include raw materials for distillation of essential agarwood oil, which is used for perfume in Arab countries, and unprocessed agarwood, which is used in medicinal, aromatic, ceremonial and religious preparations. For unprocessed agarwood old trade routes exist from range states in South-east Asia to consumers in the Arab world and in East Asian countries (Yamada, 1995; Barden et al., 2000) .
The global demand rose sharply following the 1973 oil crisis, which raised purchasing power in Arab markets, and currently exceeds the available supply (Yamada, 1995; Barden et al., 2000; Zich & Compton, 2001) , which is limited because of the nature of the product. Intensive and destructive harvesting and reduction of habitat areas have led to international concern for the future of the species. This has resulted in listing of the genus Aquilaria on CITES Appendix II (CITES, 2005) , and several species of Aquilaria are on the IUCN Red List (IUCN, 2007) . A. crassna is categorized as Critically Endangered.
Commercialization of agarwood in Laos began 1975-1976 after the end of the Second Indochina War, and was started by Vietnamese veterans in the southern provinces. In the 1980s harvesting spread to the whole country and increasingly involved Lao harvesters. In 1997 the first distillation plants were established by Lao wholesalers and by 1998-1999 the number of operating plants reached its maximum of 80. Already in this phase there were signs of over-harvesting, and from 2003 the agarwood business entered a stage of decline. Domestication has not yielded commercial quantities of agarwood and it is doubtful whether it will (Jensen, 2004) . All supplies are currently from natural forests.
Methods
In the harvest and trade survey the sampling of respondents followed a systematic approach of going backwards in the value chain. A census of all legal wholesalers (n 5 45) and illegal wholesalers (n 5 10) in Laos led to interviews with a sample of agents (n 5 41) and traders (n 5 32), and again to interviews with samples of local harvesters (n 5 52), nonlocal harvesters (n 5 35) and foreign, i.e. Vietnamese, harvesters (n 5 16). It emerged that interviews with leaders of harvesting groups were more effective than interviews with whole groups or individual members of harvesting groups. Consequently, the survey was conducted using semistructured interviews with group leaders. The interviews included both quantitative and qualitative questions. Based on interviews with the agents, traders and wholesalers, it is estimated that at the time of the survey the numbers of active harvesters were 350 Vietnamese, 1,600 professional, non-local (Lao) harvesters and 6,300 local, non-professional harvesters. Hence, the approximate sampling fractions were: Vietnamese 4.6%, non-local 2.2% and local harvesters 0.8%.
Interviews were conducted at factory gates, en route, or in villages in three provinces: Saysomboun Special Zone, Sayabouri and Phongsali, which were the three main agarwood-supplying provinces in 2004. People were also interviewed in Pakkading district of Bolikhamsai province, which is the base for a large number of non-local harvesters and home to over half of the legally operating agarwood wholesalers in Laos. All interviews were conducted in Lao by AJ.
Harvesting return is defined as net revenue per harvester and is calculated as gross revenue per harvesting trip from sale of agarwood less the average costs per trip. Because of differences with regard to annual number of days spent on agarwood harvesting the daily net revenue is used as a measure of returns. This is estimated as net revenue per harvesting trip and harvester divided by the stated average duration of harvesting trips. All data refer to the year 2004, daily net revenue is denoted in Lao Kip (LAK), and the exchange rates of the currencies that agarwood is traded in are USD 1 5 LAK 10,500 5 THB 43.
Commercialization is the integration of harvesters into markets. Agarwood is not traded in markets with a physical location but sold at distillation plants to wholesalers, or to mobile agents and traders. In (1) local markets agarwood is purchased by a wholesaler and his agents who hold de jure rights to purchase and process all wood harvested in districts covered by his business license, i.e. a monopsony. In (2) regional markets agarwood is sold to agents and traders from other provinces. These are either attached to a wholesaler or work independently. This sort of trade is in most cases illegal as it violates the legal monopsony. Illegal trade also takes place in (3) national markets where agarwood is sold to wholesalers, agents and traders in the capital Vientiane or in Pakkading district, and in (4) international markets where agarwood is taken to Vietnam and sold to Vietnamese traders. Revenue is expected to increase from (1) to (4) because of higher sales prices. Responses provided in the interviews indicated that harvesters often trade in more than one market.
In principle, harvesters could trade in all four markets but this rarely happens. To obtain a measure of the degree of commercialization we assigned the following additive scores: trading in local market yields a score of 0, regional markets a score of 1, and national and international markets a score of 2, i.e. harvesters are seen as more commercialized if they have access to national and international markets than if they are constrained to trade in local and regional markets. The equal scores assigned to international and national markets reflect the fact that these are both accessed by international traders and agents, for example from Singapore, Dubai and Japan, and that for most products the price levels are similar. The main reason for distinguishing between the two markets is that Lao harvesters sell their harvest in Laos only, whereas Vietnamese harvesters operate both in Lao and Vietnamese markets and often have access to lucrative market channels for high-value products.
Some harvesters buy from other harvesters to increase the quantity they can offer for sale to agents and wholesalers. Other things being equal, the larger the quantity offered, the higher the price. Hence, in our measure of degree of commercialization we assigned a score of 1 to harvesters who buy from other harvesters. Consequently, adding up the scores the degree of commercialization varies within the range 0-6 and the maximum of 6 is obtained by harvesters who trade in regional, national (Lao) and international (Vietnamese) markets and buy from other harvesters.
Targeting ability is the ability of harvesters to determine if a tree is likely to contain agarwood in commercial qualities and quantities, and to decide with some confidence if a tree should be felled or not. For standing trees the presence of agarwood and its quality is assessed using several interrelated indicators: tree, stem and bark characteristics, phenology, wounding, presence of tree-boring insects, bore dust and ants, and various indicators that can be assessed after injuring the trees, e.g. black spots in the white sapwood. Trees with a diameter at breast height (DBH) of .50 cm have a high likelihood of containing agarwood but even trees of 10 cm DBH may contain agarwood. A binary variable, termed Predictor, was used to express whether the agarwood indicators were known to the respondent (Predictor 5 1) or not (Predictor 5 0).
To fell a tree takes 0.5-4 hours and it is therefore possible to increase the daily net revenue considerably by harvesting trees that contain high quality agarwood. Potentially harvesters with good targeting ability will therefore leave trees without commercial qualities and quantities of agarwood untouched, leading to less impact on the population of A. crassna. As an additional proxy variable for targeting ability we therefore used harvesters' estimate of the proportion of trees (.10 cm DBH) in natural populations that are likely to contain agarwood of commercial interest. The higher the estimated Proportion, the greater the expected number of trees felled. The applied targeting ability measure was expressed as (1 + Predictor) * (1 -Proportion) * 10, yielding a value in the range 0-20. High values of this measure indicate that harvesters know the agarwood indicators and realize that agarwood in commercial qualities and quantities is only found in a low proportion of the trees.
To check whether apparent targeting ability was consistent with actual tree felling behaviour, we made use of the fact that harvesters were asked about the number of trees felled by the group during the most recent harvesting trip. In the analyses we apply the number of trees felled per man and day, which is approximated by dividing the number of trees felled during the most recent trip by the average number of harvesters in the group and the average duration of harvesting trips.
The analysis of the relationships between targeting ability, number of trees felled per man and day, degree of commercialization and daily net revenue included graphical, correlation and regression analyses. Transformations were applied to ensure that the basic assumptions of linear regression were not violated.
Results
In Table 1 mean values and 95% confidence intervals are given for the three main groups of harvesters and the four variables used in the analysis, and the amount of agarwood harvested in an average harvesting trip. Mean daily net revenues differ significantly between the three groups and so do their mean degree of commercialization and mean targeting ability (the 95% confidence limits do not overlap). With regard to the mean number of trees felled during the most recent trip there is no significant difference between foreign (Vietnamese) and non-local (Lao) harvesters but the mean for locals is significantly higher than those of foreign and non-local harvesters. There are no significant differences in amount harvested between the three groups, and amount harvested is not determining daily net revenue but rather the commercial quality of the wood.
Coefficients of correlation between the four original variables (Table 1 ) and the two transformed variables used in the regression analysis are given in Table 2 . All correlations are significantly different from zero. High positive correlation is observed between daily net revenue, degree of commercialization and targeting ability, and the correlation between number of trees felled and other variables is negative. Compared with the original variables, daily net revenue and number of trees felled (NTF), the coefficients of correlation are greater for the transformed variables. As expected, the reciprocal number of trees felled, 1/(NTF+1), is positively correlated with other variables.
A plot of the mean number of trees felled versus the mean targeting ability for each degree of commercialization (0. . .6) shows that harvesters characterized by a low degree of commercialization (0-1) are also those who have poor targeting ability and have felled many trees during the most recent trip (Fig. 1) . However, for degrees of commercialization of 2-6 the differences are small. Targeting ability varies considerably among harvesters who have a low degree of commercialization (0-1) but harvesters with a high degree of commercialization are characterized by limited variation with regard to targeting ability (Fig. 2) .
In Table 3 regression results are given for two models in which the dependent variable is the logarithm of daily net revenue. In model (a) there is a strongly significant relationship between daily net revenue and targeting ability and degree of commercialization. In model (b) targeting ability is replaced by the reciprocal number of trees felled. The coefficient of determination of model (b) is slightly lower and the parameter estimate of the reciprocal number of trees felled is not significant but the sign of the parameter estimate is positive, as expected. The variability in the number of trees felled per man and day was presumed to be high and thus a strong relationship with daily net revenue was not anticipated. Fig. 3 shows the distribution of the residuals for the two models and, although the variation may appear to be greater for small predicted values than for larger ones, the overall pattern seems acceptable. Daily net revenue increases with increasing targeting ability and with increasing degree of commercialization (Fig. 4a) , and also increases with decreasing number of trees felled (per man and day) and with increasing degree of commercialization (Fig. 4b) .
Discussion
In the great amount of literature published on NTFPs there is a gap in research on ecology and harvesting impacts as well as in availability of baseline data (Neumann & Hirsch, 2000; Belcher & Schreckenberg, 2007) . Here we have related quantifiable indicators of harvesters' knowledge and experience to data on returns from harvesting. To our knowledge, this is the first attempt to do so.
Harvesters from Laos participated willingly in interviews and shared their knowledge and experience with enthusiasm. Ethnic Vietnamese harvesters were more cautious and interviews were conducted as informal chats on agarwood business but still with successful completion of the interviews. Nevertheless, data from approximately 30 interviews, almost the same number from each of the three main groups, had to be discarded because of interruptions. Further studies on impact of agarwood harvesting on conservation of A. crassna would need to include direct observation and participation in harvesting trips, as done by Soehartono & Newton (2001) , but preferably including a larger number of trips.
Disparities with regard to daily net revenue from agarwood harvesting are substantial, with foreign harvesters' returns up to three times those of local harvesters ( Table 1) . Even with the comparatively low daily net revenues observed for local people, findings from other studies 48.8 (41.9-55.7) 0.6 (0.4-0.9) 7.8 (5.9-9.8) 0.21 (0.11-0.31) 15.1 (13.7-16.4) indicate that the dependence on agarwood as a source of cash income can be significant in Lao rural areas. Estimates range from 20 to 70% of total cash income for households (Brahmi & Phoumphone, 2003; Alton & Rattanavong, 2004; Yamada et al., 2004) . Marked differences were observed with regard to degree of commercialization between the three groups of harvesters interviewed (Table 1) . Similarly, considerable differences between the three groups of harvesters were observed with regard to the applied proxy of targeting ability. The data collected do not allow us to estimate the distribution of harvests to different markets and product categories. However, it seems, based on the interviews, that high value/low quantity products are sold in regional, national and international markets, whereas low quality/ high quantity products are mainly sold in local markets. This means that market access is likely to correlate with the value of products sold, explaining part of the effect of market access on returns.
Daily net revenue was also positively related to targeting ability (Tables 2 & 3, Fig. 4) . To make harvesting profitable only trees containing agarwood should be felled, thus saving time and allowing harvesters to search larger areas. To increase revenue, highly skilled harvesters are compelled to fell only the small number of trees containing high quality agarwood. These products are sold in regional, national and international markets, explaining why degree of commercialization and targeting ability are closely related ( Table 2 , Fig. 2) . It is likely, therefore, that harvesting by experienced and knowledgeable harvesters will leave populations relatively intact except for removal of a few, large trees. By contrast, inexperienced harvesters are likely to be indiscriminate in their harvesting, leaving only a few trees intact and spending considerable time felling and chopping up trees that do not yield agarwood. Unfortunately, no data are currently available to corroborate these suppositions.
The diameter distribution is certainly affected by harvesting. Experienced harvesters will tend to fell all trees encountered with DBH .50 cm as well as fruit-bearing trees because size and fruiting are some of the external signs of agarwood formation. The long-term genetic impacts may be severe and need to be assessed. Such an assessment should also include the profuse natural regeneration observed during an inventory in moderately and heavily harvested sites (AJ, pers. obs.) and the prevention of natural regeneration when harvesters dig up roots of old trees. The two variables used to create the applied measure of targeting ability are related to number of harvesting days in the previous 5 years, and considerable differences exist between new entrants, i.e. local people, and full-time harvesters with much experience (Jensen & Meilby, 2006) . To make harvesting profitable and to stay in business, harvesters have to learn either from other harvesters and/or by trial and error, and gradually become more experienced, have more success finding trees with agarwood, and become better able to predict if it is worthwhile felling individual trees. When agarwood-forming trees become increasingly harder to find, experienced and knowledgeable harvesters will abandon A. crassna habitats. This is likely to happen long before the last tree is felled (Vayda & Walters, 1999) .
Part of the learning process required to increase returns is related to gaining better access to profitable markets by building up a network with agents and traders, i.e. becoming more commercialized. In this study this is evidenced by the strong relationship between daily net revenue, targeting ability and degree of commercialization.
FIG. 3 Studentized residuals versus predicted logarithm of daily net revenue, ln(DNR), for models (a) and (b) of Table 3 . Diameter of circles is proportional to degree of commercialization; histogram gives the frequency distribution of the residuals.
FIG. 4 Net revenue (LAK 1,000 day -1 ) versus (a) targeting ability and (b) number of trees felled (man -1 day -1 ). Diameter of circles is proportional to degree of commercialization. Lines indicate values predicted by the regression models in Table 3 (models (a) and (b), respectively, for (a) and (b)) for each of the seven degrees of commercialization (0, low ... 6, high; see text for details). The curvature is caused by the logarithmic transformation.
In conclusion, this case study of A. crassna and agarwood in Laos shows that it is possible to reduce ecological impact and increase revenues simultaneously by targeting harvesting to the few, valuable trees in a population when access to markets is in place. This information could form the basis of training and knowledge transfer for the benefit of both harvesters and conservation.
